According to isodisplacement and randomness assumptions, for out-of-plane A' 1 Raman active mode of the mixed Mo 1-x W x S 2 monolayer alloys, Mo and W atoms remain stationary. The top-layer and bottom-layer S atoms vibrate in opposite phases, but with the same amplitude. The S-S interaction can be ignored. The equation of motion for the S atoms can be written as Electronic Supplementary Material (ESI) for Nanoscale. This journal is
where F 10 and F 20 are the limiting values of force constants F 1 and F 2 , respectively, as x→0. The parameter take into account the variation of force constants. In the long-1 wavelength limit, given in equation（1）, can be given bÿ
Since the MREI-model must be at least valid at x=0 and x=1, applying boundary conditions to equation (3) gives
at x=1
Equations (4) and (5) (3) can be written as
The equation (6) was used to fit the experimental data points of A' 1 mode frequencies using least squares fitting in Figure 3a .
For in-plane Raman active E' mode of the Mo 1-x W x S 2 monolayer alloys, the S atoms vibrate like a rigid unit in the same phase and with identical amplitude. The Mo and W atoms vibrate in the phase opposite to S atom sheets. Here, the functional dependence of the force constants is assumed to be nonlinear with composition x, which is different from the linear assumption as reported in previous MREI-model applications. The equations of motion for the three type of atoms (Mo, W and S) are written as
where , and are the mass of S, Mo and W atoms, respectively. , and are the displacement of S, Mo and W atoms, respectively.The terms , and are (
We define , and substitute them into equations (11) and (12), then 1 = 1 2 = 2 we obtain
The eigen frequencies are determined by the following equation
can be written as 
Finally, we substitute , defined in equation (11) and (12) into
The equation (15) was used to fit our experimental data of MoS 2 -like and WS 2 -like E' mode frequencies using least squares fitting (Figure 4b ). Finally, substituting the fitted parameters into equation (6) and (15), we get 
The equations of motion for the three types of atoms (Mo, W and S) are written as
Finally, can be given as 
The equation (23) was used to fit our experimental data of MoS 2 -like and WS 2 -like E ' mode frequencies using least squares fitting ( Figure S1 ). Substituting the calculated parameters into equation (23), we can get 
